This paper investigates the optimum ad valorem tariffs under the Cournot competition. There are three situations that exceptions to most-favored-nation (MFN) principle are made within the GATT framework: free trade agreement, 'safeguard' actions and escape clause. Hence, the issue of discriminatory tariffs has important policy implications. Most of the literature concerning the discriminatory tariffs assumes that the objective of the government is to maximize their country's welfare by choosing the appropriate trade policy. We expand welfare-maximizing to loss-minimization model in order to comparing two types of optimum discriminatory tariff ratios. In the loss-minimization model, we assume that the objective of the government is to minimize loss in consumers' surplus while subject to a minimum target level of tariff revenue. The aim of this paper is to show that the optimum ad valorem tariff ratio between two exporting countries can be unambiguously derived with a linear demand curve and constant marginal costs. We conclude that the welfare-maximizing tariff ratio differs from that of the loss-minimization model or a quasi-Ramsey rule. The Ramsey-like tariff ratio does not depend on the size of the intercept of market demand since its objective function is to minimize the loss in consumers' surplus. On the contrary, the welfare-maximizing tariff ratio is dependent on the intercept since it is used to measure the total consumers' surplus. Only when the two foreign producers have the identical marginal cost will they coincide.
implications. Most of the literature concerning the discriminatory tariffs assume that the objective of the government is to maximize their country's welfare by choosing the appropriate trade policy, that is, the importing country chooses its tariffs to maximize the sum of consumer surplus and revenue from tariffs (Hwang & Mai, 1991; Li, Means Jr., Chen & Peng, 1996; Yang, Peng & Li, 1996; Horiba & Tsutsui, 2000; Liao & Wong, 2006; Liao, 2008; Saggi, 2009; Hashimzade, Khodavaisi, & Myles, 2011a , 2011b .
Our model is based on that by Hwang and Mai (1991) in which they derived the optimum per unit tariff ratio in terms of maximum domestic social welfare. We expand their paper in two respects. First, we expand per unit tariff to the ad valorem tariff which is levied as a percentage of the constant marginal cost or the F.O.B. price of the product. The ad valorem tariff is frequently practiced in international trade. For example, the most favored nation status has most tariffs between 4 and 12 percent. Hence, our result, being different from theirs, shed new light on the topic of optimum tariffs. Second, we derive another set of optimum tariff ratios based on the assumption of minimizing loss in consumers' surplus while subject to a minimum target level of tariff revenue (Note 1). This is similar to the Ramsey rule under the perfect competition (1927) . It is well known that the Ramsey rule is theoretically elegant and practically relevant since it takes tariffs revenue into consideration. The aim of this paper is to show that the optimum ad valorem tariff ratio between two exporting countries can be unambiguously derived with a linear demand curve and constant marginal costs. It is to be noted that without the assumptions on demand and cost, the result is ambiguous and uninteresting. Such optimum tariff ratios, including Ramsey-like rule, to the best of our knowledge, have not been proposed in the literature of the ad valorem tariff. In addition, from the viewpoint of the optimum trade policy, the marginal costs or the F.O.B. prices of the exporters may well be used as one of the bases on which the tariffs are levied.
The Welfare-maximizing Discriminatory Ad Valorem Tariffs under Cournot-Nash Strategy
Following Hwang and Mai (1991) , consider a market structure in which only two foreign producers serve a domestic market with a homogeneous product. In addition, the two foreign firms, in absence of a domestic producer, practiced the Cournot-Nash strategy perhaps due to the fear of an antitrust tariff. That is, while an open collusion between two foreign producers dominates the Cournot strategy, they may well encounter stiff retaliatory tariffs. For simplicity, we employed a linear market demand curve with two constant marginal costs (Note 2). Under the Cournot competition, the demand, cost and profit functions can be show as:
where F 's are total fixed costs; C 's are constant marginal costs;  's are profit functions; and
One form of the valorem tariff 1 t on the total production cost is equivalent to shifting the marginal cost curves up by 1 t percent (see Yang, 1989) or
The first-order condition of maximizing equation (6) and solving for i q 's yields
The standard welfare measure is the sum of the consumers' surplus (Note 3) and tariff revenue or 
The welfare-maximizing discriminatory tariffs can be readily derived from differentiating C with respect to 1 t and 2 t or
Substituting equations (10), (11), and (12) into equations (14) and (15) and rearranging, we can solve for the welfare-maximizing discriminatory tariffs:
It is evident that (i) C C  . The optimum tariff ratio * 2 * 1 t t depends critically on a and C . In particular, the higher the marginal cost of the exporter is, the lower the tariff will be imposed based on the criterion of welfare maximization. It is of great interest to know if the welfare-maximizing tariff ratio differs from that of the loss-minimization model or a quasi-Ramsey rule. That is, the optimum tariff ratio that minimizes the loss of consumers' surplus while it maintains a minimum level of tariff revenue.
The Welfare-minimizing Discriminatory Ad Valorem Tariff
The optimum ad valorem tariff ratio of the previous section was derived under the criterion of maximizing the total domestic welfare. Perhaps, a more relevant objective for an importing country is to minimize the loss in consumers' surplus subject to a minimum level of target revenue. Evidently, there is a trade-off between the consumers' surplus and tariff revenue. Extracting economic rents from foreign producers will necessarily lead to a higher domestic price, hence lower consumers' surplus. The conflict between the tax revenue authority and consumers may be resolved by such a formulation. Besides a target amount of tariff revenue is often needed especially in the era characterized by financial austerity. In this light, the objective function of the Ramsey-like tariff rule can be formulated as: = difference between the optimum Cournot price with the ad valorem tariff ( 1 P ) and without the ad valorem tariff ( 0 P ); 0 Q and 1 Q are the optimum Cournot quantities without the tariff and with the tariff respectively; and k is a target amount of tariff revenue. The tariff would certainly decrease the consumption due to a higher domestic price. Equation (19) represents the loss of consumers' surplus. Note that the domestic welfare loss is equivalent to the loss in consumers' surplus since the profits of foreign producers have no direct bearing on domestic welfare Level. Unlike the famed welfare loss triangle in perfect competition, the loss in consumers' surplus in the Cournot model can be represented by the trapezoid of which the height is 0 1 P P  and two bases are 0 Q and 1 Q respectively.
In addition, the change in the prices and qualities need not be infinitesimally small since the demand curve is linear. The welfare loss can be accurately measured by the trapezoid area via equations (9) and (1) 
The Lagrangian equation and its corresponding first-order conditions are ) (
Dividing equation (23) by equation (24) and assuming 0   (Note 4), we have, (7) and (8), we have the optimum tariff ratio for the profit-maximizing Cournot firms:
It is clear from equation (26) that the higher the marginal cost of the foreign producer is, the lower the tariff would be. To compare equation (26) with the optimum tariff ratio under the criterion of the welfare maximization, we obtain from equations (16) and (17) the following ratio:
The welfare-maximizing tariff ratio is equivalent to that under the Ramsey-like rule only if 2 1 C C  . In that case, both criteria require an identical tariff. But in general, they differ. In the case of 1 2 C C  , it follows immediately that
; hence, the optimum ratio under the maximum domestic welfare is less than that under the Ramsey-like rule. The reverse holds for 2 1 C C  by the same reasoning. Note that higher ratio in terms of t  1 's translates into higher difference between t 's. It is important to know that the Ramsey-like tariff ratio does not depend on the size of the intercept ( a ) since its objective function is to minimize the loss in consumers' surplus. On the contrary, the welfare-maximizing tariff ratio is dependent on the intercept since it is used to measure the total consumers' surplus. Finally, for a given ratio of two marginal costs, the optimum Ramsey-like tariff ratios can be conveniently calculated from equation (26) 
. That is, there exists a set of infinite combinations of tariffs of two importing countries that satisfy equation (26) based on the Ramsey-like rule.
Concluding Remarks
In this paper, we have compared two types of optimum discriminatory tariff ratios. They are found to be genuinely different. Only when the two foreign producers have the identical marginal cost will they coincide. The Ramsey-like rule is perhaps more empirically relevant in the sense that a target level of tariff revenue is required while the welfare-maximizing ad valorem tariff ratio does not take into consideration the minimum target tariff revenue.
